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5. Prosress Report, January 1-Juns 30, 1965:

In our original research grant application for the period starting July 1, 1944,
it was stated that two years world be nacegsary for completion of the planned research,
The first year was %o be spent in inveciigaiiny tho relaition between gravitational work
and enovgy expenditiwre In locomolion, and tho socond ysar in studying the offecta of
load and costume on the energy cost of walking under varying conditions of gravitational
work.

Our semi-annmal progress report dated January 1, 1965, described incomplete studies,
comprising about 90 experiments, in which the relation between gravitational work and
energy expenditire was investigated. TFigs. 1-4 in the present report summarize further
detailed studies, made up to April 1, 1955, on a normal young male subject walking at
three different spseds on a varisiy of slopes.

At moderate spesds, 73.2 and 97.6 wmoters/min and at various slopes, the energy ex-
penditire per minute appears to be dependent only on the vertical 1ift/step mu]_.tiplied
by the number of sieps/min (bottom wwo lines in Fig. 4). At a low speed (48.8 meters/
min, step rate 65/min), however, ‘the walk became clumsy and ungainly for this tall sub-
ject, The relaiively high energy expenditure for a givemn vertical 1ift at this speed,
as compared with that at more normal gaitls (top line of Fig. 4 compared with bottom
lines) reflects the abnormal character of the gait. This is a most interesting result
of c;u.r study, and leads to the second major research investigation contemplated for
FY 1966, namely, the effects of load and costume on the energy cost of locomotion,

In connection with the above study, an analysis as outlined in the paragraphs
below and in Figs. 5-8 is a part of the present investigation,

The total energy of the trunk, Z;, is the sum of polential energy, P.E., and kinetic
energy, X.Be P.E. ig calculated on the basis of the height of ihe center of mass of the
trunk; X.E., from the measured speeds of the center of mass in the horizontal and vertical

directions.



43 in previous work, a vertical string attached near the center of mass passes
S
tarough a iransducer, which yields a countinuous record of the instantansous vertical
Gisplacement Z. Similarly, a horizonial siring and another iransducer yield a record ¢
of X, ths instantancoug horizontal displacement,

Flg. 5 shows a 1.2-sec gogront of tha vocord. The itop curve gives the value of
Z; the middle curve gives X, The lowest curve represents the record obtained with use
of an acceleromeler atiached to the right toe. Irom this curve it is possible to ob-
tain the times ol heeol contact and of toe-off, The vertical time lines indicate in-
tervals of 0.01L sec.

Instantansous values ol the slope of the X curve yield the values of dX/dt = Vi
which is the instaniansous valune of the speed relative to a point moving with the
treadmill. Addition of fo, the constant speed of the treadmill, yields Vy, the vari-
able horizontal component of the speed of the center of mass.

In a similar way, curve Z yields the instantaneous values of Z, dzZ/dt = v,, and Ve

Fig. 6 shows the values of X, Z, vy, ard v, for a time interval spanning step 4.
The (intersecting) top two cixrves show values of X and Z, respectively. The maxima
and minima avre labeled MX, MZ, mX, and wi, respectively, »

The pair of intersecting curves in the lower part of Fig. 6 show the instantaneous
speeds vy and v,;. 7The meaning of the prefixes M and m is the same as in the upper part
of the figure,

The upper parit of Fig, 7 shows the instantaneous excess over, or deficiency under,
the K.E, associated with a constant spsed of 162,8 cr/sec.

The P.E. curve in the lower part of Fig. 7 shows the potential energy in ergs/gm.
The plotted magnitude includes an arbitrary constanit, the value of which depends upon
the choice of zero potential level (eog. s the floor of the ireadmill, the lowest posi-
tion of the center of mass, the mean position of the center of mass).

The Ey curve in Fig. 7 shows the total energy (sum of K.E, and P.E. and of a

second arbitrary constant).
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8 skows four superimposed single-step K.E. curves, The
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The upper part of Fig. shows

heavy curve 1s a *mean® ...D. curve,

Sinil:owly, .2 lower pars of Fig. & shows saperimpoced single-siep and #mean' .

curves of 2,E. and of Ei.
Zxamination of cwwve 3j, staviing Ivom 0.315 sec, shows the following energy-flow

characteristics of a single step at 97.6 msters/min, at a siope of +3 degrees.

Soon «lter hsel ccuiact thers is a loss of exerzy amounting to 4.85 cal (for a

subject weighing 70 kg). Zventually, thcrs is o gain of 11.7 cal, with a nes permanant

gain of 6.85 cal/step for a 70~kg subject.
We are now in the midst of a theorciical analysis of records of this type for

speeds varying from 48.8 to 97.6 umeiers/min and for slopes varying from -3 to +3

degrees,
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ENERGY EXPENDITURE : CALORIES /MINUTE~KILOGRAM

ENERGY EXPENDITURE : CALORIES /MINUTE ~KILOGRAM

SLOPE WALKING ON THE TREADMILL
The effects of varied amounts oi Gravitational work on the
energy cost of walking.

Normal young aduit male, waltking at speeds of 48.8, 73.2
and 97.6 meters/minute, and at siopes of —4° to +4°.

FiG.1. 48.8 METERS/MINUTE

FIG.2. 73.2 METERS/MINUTE
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